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kHz 的形状，创新性地将降雨噪声功率谱曲线分成三类：一是降雨强度为 0.1-4.0 
mm/hr 的噪声功率谱，在频段 13-25 kHz 时出现较高幅度的谱峰；二是降雨强度
在 4.0-18.0 mm/hr 的噪声功率谱，除了存在频段 13-25 kHz 宽谱峰外，频段 2-10 
kHz 的功率谱级迅速增加；三是降雨强度在 18.0 mm/hr 以上（大雨或暴雨期间）
的噪声功率谱，频段 1-30 kHz 上的谱级都较高，比无雨时的背景噪声增加了约
20-30 dB，且谱级具有负斜率趋势。此外，通过各频率点噪声功率谱与降雨强度

































When precipitation falls on the water surface, an acoustic signal with broadband 
frequency and strong intensity will be radiated in oscillogram pattern. It is now known 
as rain noise. As one of loudest sources, the intermittent rain noise can decrease the 
detection ability of sonar, affect the application frequency bands of underwater 
acoustic communication and reduce using performance of part of underwater sound 
equipments. Knowledge of the characteristics of rain noise is important not only to 
identify interference sources in ambient noise spectrum, but also to measure the 
rainfall at sea with passive acoustic detection method. Yet, while decades of field 
measurements abroad have shown the part of spectrogram of rain noise and revealed 
the mechanism of raindrops making underwatersound, very few studies have tried to 
describe the characteristics of rain noise versus rainfall rates or establish a similar 
relationship between field parameters of rain noise and rainfall intensity. The few 
studies that have attempted to do so show that there is some uncertainty for rain noise 
spectral levels. Unfortunately, very few domestic research of rain noise also leads to 
be not familiar with the characteristics in detail. This work attempted to investigate 
the mechanism of sound radiation of droplets, have conducted experiments measuring 
ambient noise, rain and wind. Then, anacoustic discrimination process is developed to 
retrieve the oscillogram, sonogram and source levels of rain noise. The results showed 
as follow: 
Firstly, based on knowledge of research foundation on rain noise at home and 
abroad, the underwater sound radiation mechanism of water drops impacting on the 
water surface is deeply and systematically analyzed. Further, the major differences of 
sound features between artificial water-drop experiments and outdoor actual rainfall is 
inducted and the three main impact factors for rain noise such as raindrop size 
distribution, terminal velocity and incidence angle are introduced. Then, a controlled 
observation experiment for sound radiation of water drops impacting on the surface of 
















Secondly, a shore-based and submerged-buoy observation scheme for measuring 
rain noise are designed respectively and two typical observation sites are 
chosencarefully. As a result, 12 timesobservation experiments have conducted in total 
and about 2000 min spectrum data generated by rainfall have collected in an open 
lake or coastal shallow sea. The observed maximum rainfall rate is up to 72 mm/hr 
consisting of drizzle, moderate rain and heavy rain. Based on the raw data, a series of 
subsequent investigations have established including the quality control of sound data, 
signal waveforms extraction, elimination of noise, power spectral analysis, measured 
meteorological data processing, matching of sound feature and meteorological 
information and so on. 
Thirdly, a matching method between power spectrum of rain noise and the 
synchronous rainfall intensities is studied and their relationship is established. The 
results show that: with rainfall rate increases, the sound levels above 10 kHz begin to 
increase. For example, when rainfall rate is up to 0.3 mm/hr, the sound levels increase 
at least 10 dB in the frequency band of 10-20 kHz. When the rate continue to increase 
beyond 18 mm/hr, the sound levels below 10 kHz increase sharply while the sound 
levels above 10 kHz increase slowly, which suggest that there is different spectral 
shapes generated by drizzle and heavy rainfall. According to the shape of spectral 
curve, the sound spectrum can be divided into three groups: (1) there is a higher 
–level spectral peak in the frequency band of 10-25 kHz, which generally occurs 
during the period of drizzle that rainfall rates are 0.1-4.0 mm/hr. (2) the sound spectral 
level increase quickly frequency band of 2-10 kHz as well as the spectral peak in 
frequency band of 10-25 kHz, which generally occurs during the period of rainfall 
ratesbeing 4.0-18.0 mm/hr. (3) the sound spectrum curve is seen as negative trend on 
the slope in the frequency band of 1-30 kHz during the period of rainfall rates beyond 
18 mm/hr. It is worth noting that thevalue increases at least 20-30 dB than the one 
during the period of no rain.Furthermore, correlation analysis is carried out for sound 
power spectrum in the frequency band of 1-30 kHz and the result shows that there is 
stronger correlation between rain noise spectrum in frequency band of 1-10 kHz and 
















Lastly, a theoretical model of ambient noise for surface sources and influence 
factors of retrieving sound level between surface sources and underwater receivers are 
discussed. The sources of rain noie are assumed to be statistically independent 
directional acoustic sources situated on the surface, and the effects of ocean 
environment on ambient noise are studied. Then, based on the underwater sound 
pressure from receiving hydrophones away from some depth or distance, a method of 
sound intensity extraction is present. Then, combined with numerical propagation 
model simulation, the corrected sound levelsare computed and compared by measured 
sound spectrum. Thecorresponding comparison results with two examples show that 
the sound intensity extraction method is reasonable feasible. 
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